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BACILLUS COLI CAPSULATUS: A STUDY I N  
VIRULENCE. 
By LOUIS JEXXER. 
From the Biitish Institute of Pwveiiliw Mededicine. 
(PLATE XXX.) 
THE virulence of a living micro-organism introduced into the body 
depends on its powers of weakening defence, and on its ability to 
withstand attack. The two most important methods of attack by the 
living body that have hitherto been described are phagocytosis, and the 
necrotic action of the body fluids upon bacteria, which, in highly 
immunised animals, is known as Pfeiffer’s phenomenon. 
The bacillus here described well illustrates one of the means 
possessed by some micro-organisms at  anyrate, of resisting this latter 
form of attack. 
SOURCE AND AFFINITIES. 
This organism was obtained from a streak culture on gelatine, 
made in October 1895 by Dr. H. P. Hawkins, a t  a post-mortem 
examination, from the blood of a man who died a t  St. Thomas’s 
Hospital. 
An examination of the colonies on gelatine and the subcultures 
on various media a t  first suggested to one that the organisni was the 
Bacillus pneumoizitc:. Closer investigation by means of parallel 
cultures revealed several important differences between this bacillus 
and that of Friedlander. 
A considerable number of organisms seem to group theniselves 
iiaturally into a class of which the E. pncumonitc: is the type ; and of 
these the B. capsidatus of Pfeiffer, Protcus lzominis capsulatus, and the 
bacillus described by Banti under the name of B. capsulatus septicus, 
correspond most closely to the organisni under investigation. 
I am inclined to think that the last and the E. coli capsulatus are 
identical ; but inasmuch as a severe earthquake destroyed Professor 
Banti’s cultures, no specimen of his bacillus is obtainable. 
Escherich himself noted the remarkable polymorphism of cultures 
1 G. Ranti, Spcrimcntale, Firenzo, August 1888. 
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of the colon bacillus, and it has long been known that the majority 
of the colonies of this organism obtained by cultivation from the 
excreta are thicker and more opaque than those usually obtained from 
water. 
L. Laruelle; in a paper on the bacteriology of peritonitis from 
perforation, described a variety of the colon bacillus which, if not 
identical, is a t  anyrate closely allied to that described i n  this paper. 
He  was able to change what he called the “opaque” variety into 
the “ transparent ” by passing it through the peritoneum, always 
obtaining pure cultures of the “ transparent ’) variety from the 
peritoneal exudation. A similar change was produced by cultivation 
in milk. 
Microscopically the 5’. coli capsulatus is a short rod with rounded 
ends, varying somewhat in length; coccoid forms are present in  
considerable number, and the better developed the capsular matter, the 
more unifornily short are the bacilli (Plate XXX. Fig. 1). 
A few fairly long filaments are to be found in most preparations. 
Stained with aniline water gentian-violet, the capsules are easily over- 
looked, as they appear only as slight unstained halos. Stained with 
Loffler’s blue, especially if this is diluted, the bacilli do not take the 
stain a t  all, and only the margins of the capsules are coloured. I n  
every specimen, however, some uncapsulated forms are to be seen, and 
these are usually of greater length, and take up the blue stain readily 
(Plate XXX. Fig. 2). 
APPEARANCE OF GROWTHS. 
The B. coli capsulatus grows well on all ordinary media :- 
1. Gelatine slope.- On the surface of gelatine it grows as a thick, moist, 
shining white streak, the margins of which niay be quite smooth or slightly 
crenated (Plate XXX. Fig. 3). The better developed the capsular matter is, 
the smoother and thicker is the streak of growth. The gelatine is not liquefied. 
After a variable time, in some cultures, a small thin excrescence of much 
drier and more transparent texture may appear at a spot on one side of the 
streak ; at first sight this niay be taken for a contamination, but that this is 
not so can be shown by passing the organism through a mouse and snb-cultivat- 
ing from a single colony on a plate culture from the heart blood. 
In a certain number of tubes the thin excrescence again makes its 
appearance. 
2 .  Gelatine stab.-The organism gives the nail head growth. 
3. Qelatine shake.-There is an early production of gas bubbles. 
4. Aga?* slope at  37” C.-The appearance is much the same as on gelatine, 
except that larger transparent outgrowths more readily make their appearance. 
5 .  Sugar agar stab.-There is a well-marked production of gas. 
6. Potato.-There is a pale brownish growth, resembling that of other 
7 .  On Elmer’s medium the organism grows readily. 
8. Milk is coagulated within twenty-four hours. 
9. Inpeptone beef broth there is cloudiness throughout the liquid within 
forms of B. coli. 
n few hours, and subsequently a heavy deposit of growth. 
L. Larnelle, CcZZzr7q LiBge and Louvain, 1869. 
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REACTIONS AND OTHER CHARACTERISTICS. 
The indol reaction is readily obtained. 
Grown on litinus sugar agar the organism shows an acid reaction. 
l t  grows anmobically as well as acrobically. 
It is not motile, or but very feebly so. 
Spore formation has not been observed. 
It does not stain by Gram’s method. 
The easiest method of demonstrating the capsules is to  prepare a cover 
glass in the ordinary way, and after drying and fixing, to dip it into carbol 
fuchsine for not more than half a second. Wash at ohce in water, dry, and 
counter stain for ten to fifteen seconds in 0.1 per cent. aqueous gentian-violet. 
The bacilli are red, and the capsules, or their edges, violet. 
Ribbert’s dahlia stain for capsules also shows them well. 
APPEARANCE OF COLON~ES ox GELATINE. 
On gelatine plates the colonies are visible to the naked eye within twenty- 
four hours. At the end of three days the largest may have attained a diameter 
of iiearly one-eighth of an inch. They are smooth, round, white, and moist, 
and, when small, more or less hemispherical. 
lllicroscopically they appear, when the capsular or zoogloea matter is well 
developed, as perfectly round, smooth margined growths of a light brown 
colour (Plate XXX. Fig. 4), and with a slightly mottled surface, or with perhaps 
concentric markings. If the capsular or zooglea material is less well developed, 
the margin of the colony is no longer smooth, but is more or less crenated like 
that of a colony of B. coZi conznaunis (Plate XXX. Fig. 5). 
PATHOGESESIS. 
The B. coli cnpsulatus is fatal to white mice a few hours (nine to 
eighteen) after intraperitoneal inoculation. Post-mortem in these 
animals and in guinea-pigs, to which it is also fatal, a sticky exuda- 
tion consisting of pus cells, mucoid material, and bacilli, is found 
filling the peritoneum; the vessels are injected, and there may be 
minute hEmorrhages. The organism is not fatal to rabbits, even on 
intravenous inoculation ; occasionally, however, a local abscess is pro- 
duced, the pus containing a pure growth of the bacillus. The organism 
can be grown without its capsular matter, and under these conditions 
some marked differences in growth, reactions, and pathogenesis are 
found. If one of the small transparent, dry excrescences from the 
side of a gelatiiie streak culture be carefully removed, and plate culti- 
vations be made from it, the great majority of the resulting colonies 
will be found to  present the typical appearances of colonies of B. coli 
coinmzinis (Plate XXX. Fig. 6). In cover-glass preparations from these 
no capsules are to be found. 
Subcultures from a single colony present the typical appearance 
and reactions of a member of the colon group (Plate XXX. Fig. 7) .  
It is, however, worthy of remark that, while when capsulated it coagu- 
lates milk, yet the organism grown without its capsule, although it thrives 
in the medium, cloes not procluce a clot. I n  peptone beef broth the 
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uncapsulated organism grows more a t  the bottom of the liquid, causing 
less cloudiness in the upper part, the broth itself reinaiiiing quite 
liquid instead of becoming mucilaginous, as do broth cultures of the 
capsulated variety. 
I n  pathogenesis there is a most striking difference between the 
two varieties. Grown without its capsular matter, on inoculation into 
the peritoneal cavity of a white mouse, the orgaiiisni may produce 
some signs of illness, but is rarely fatal, even when given in large doses. 
One cause of this difference in virulence can be readily observed by 
making parallel intraperitoiieal inoculations on two sets of mice, and 
then killing one of each set a t  definite intervals and examining the 
peritoneal exudation. I’bagocytosis seems to be about the same in the 
two cases-at anyrate a t  first ; it is, in fact, not very striking in either 
case. Bacilli are found in the white cells, it is true ; but in many 
instances they seem to be multiplying inside the corpuscle, and not to 
be in process of destruction. It is, however, the organisms in the free 
fluid that show the most remarkable difference. The capsulated are 
seen at  the end of three hours even to be increasing in number ; they 
take the stain well, and the capsules are well marked (Plate XXX. 
Fig. 8). 
The uncapsulated variety, however, has already an unhealthy 
appearance, the margins of the bacilli are no longer sharp, though 
they still stain fairly well. After six hours the capsulated forms 
have increased to an enormous extent. The uncapsulated appear to 
be in a necrosed condition; they show many involution forms, and 
there is a general appearance in the field of badly staining bacterial 
d6bris-they present, in fact, the appearance known as Yfeiffer’s 
phenomenon. If, however, they have been very completely deprived 
of their capsular matter, even three hours may be enough t o  produce 
this result. The appearance then presented is shown in Plate XXX. 
Fig. 9. 
The capsulated bacilli reached the blood in great numbers, and td 
thick growth results from a streak inoculation with a drop of the heart 
blood taken on the death of the mouse. 
If the companion mouse which has been inoculated with the 
uncapsulated variety, and has now apparently recovered, be killed 
twenty-four hours after inoculation, a very scanty growth of bacilli 
may sometimes be obtained froni the heart blood; these do not show 
any sign of having acquired a capsule. 
The capsules thus seem to act as a protection to the bacilli, 
and this view is supporled by the fact that they are better developed 
a t  extremes of temperature within the limits of growth; that the 
capsulated variety will stand a higher temperature, and for a longer 
time, than will the uncapsulated; and that the blood of a mouse 
infected with the latter will cause clumping of the uncapsulated, but 
not of the capsulated form. 
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The easiest way to obtain the organism without its capsule is to  
make sub-cultures from an old smear on gelatine into peptone water, 
the reaction of which is not very marked on either side of the neutral 
point. These tubes should be incubated at  37" C. for twenty-four to 
forty-eight hours, and smears on gelatine made from them. Some of 
the resulting growths are usually very characteristic. They present a 
central thick opaque white streak, with numerous thin transparent out- 
growths on either side (Plate XXX. Fig. 10). The same appearance is 
produced in subcultures on gelatine from a twenty-four hours' growth a t  
3 7°C. in Uschinsky's medium. Why this method of cultivation causes 
a loss of the capsule, or, what appears to be the same thing, a 
diminished procluction of zooglcea substance, is not quite plain. Both 
temperature and reaction are of importanse. Thus if the organism be 
grown in peptone water a t  20" C., or in Uschinsky's medium a t  the 
same temperature, the thick zooglcea (capsulated) formation results ; 
and, on the other hand, if the tubes of the same media are rendered 
distinctly alkaline (as suggested to me by Dr. Macfadyen), they may 
be incubat,ed a t  37" C. without showing any tendency to revert to the 
dry, uncapsulated form of growth. 
I n  conclusion, I should say that the work in connection with this 
paper was clone a t  the British Institute of Preventive Medicine, and I 
take this opportunity of thanking Dr. A. Macfadyen and other 
members of the s t a r  for their assistance to me whilst working there. 
The illustrations are from photographs by Mr. J. E. Barnard. 
DESCRIPTION OF PLATE XXX. 
Fra. 1.-Cover-glass preparation of B. coli c a p u h t m  showing aooglcea, or capsular, 
FIG. P.--Cover-glass preparation showing Capsulated and non-capsulated forms of B. coli 
FIG. 3.-Gelatine streak culture, capsular matter, well developed. 
FIG. 4.-A colony of B. coli capsdntus, with capsular matter well developed. 
FIG. 5.-A colony of B. colica~~sululus, with some development of capsular matter. 
FIG. 6.-A colony of B. coli capsztlntuv, with capsnlar matter not developed. 
FIG. '?.-Gelatilie streak culture, capsular matter well developed. 
FIG. 8.-Cover-glac.s preparation of peritoneal exudation in a mouse, three hours after 
9.-Cover-glass preparation of peritoneal exudation in a mouse, three hours after 
matter. 
eupsulat2rs. 
inoculation with B. coli capsulntus. 
FIG. 
iuoculation with B. coli cnpszclntus, grown without capsular matter. 
FIG. 10.-Gelatine strenk culture, mixed growth, i.e. with and without capsular matter. 
